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The optical properties of 2D materials can be strongly tuned by individual atomic defects such as 

dopants, vacancies, and grain boundaries as well as lattice strain. As a result, reliably and rapidly 

characterizing these features is a critical step to controllably synthesizing materials and designing 

devices for 2D nanoelectronics. Here, a major challenge is the large gap in length scales between the 

atomic-scale defects and picometer-scale strains that modulate the electronic structure of 2D systems 

and the 100s of nm spatial resolution of diffraction-limited optical spectroscopies.  Here, we will discuss 

several approaches to bridge this seven-orders-of-magnitude gap in length scales in order to understand 

the key factors that tune the band structure, optical absorption, and photoluminescence (PL) in 2D 

semiconductors. Our approach utilizes multiple electron microscopy techniques, including aberration-

corrected scanning transmission electron microscopy (STEM), 4D-STEM, and diffraction-filtered dark-

field TEM (DF-TEM) as a method to bridge the relevant length scales and enable direct correlations 

with ex-situ optical spectroscopies [1,2]. We illustrate our approach on 2D transition metal 

dichalcogenides including WSe2 and MoS2, where we show that the complex PL distributions observed 

through large-area exfoliation can be attributed to spatial variations in the defect density of the source 

crystal. We also demonstrate techniques to spatially control the exciton energy by patterning the strain 

distribution of the crystals in two dimensions.  These methods should be useful for improving reliability 

and control in 2D optoelectronics. 
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